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SUMMARY 

An investigation was  conducted to   de tedne   the   e f fec t iveness  of 
ethyl  ether as an ignition aid f o r  law-volatility  turbojet-engine fuels. 
The minFmum spark energies  required t o  ignite a single 533 conibustor over 
a range of altitude  inlet-air  pressures and flau rates w e r e  obtained w i t h  
a. low-volatility  reference  fuel and wfth  reference  fuel  blends  contain- 
ing (1) 10 percent  ethyl  ether , and (2) 10  percent normal pentane. Re-  
sults indicated that the  aaaftion of ethyl  ether improved the ignition 
characteristics of the low-volatility (1-lb Reid vapor pressure) fuel sig- 
nificantly; however, similar bqrovements in  ignit ion were  obtained H t h  
the addition of normal pentane in   the  same concentration. The improve- 
ment in  ignition  characteristics was, therefore, attr ibuted  solely  to the 
increase  in  the  front-end  volakility  characteristics of the reference 
fuel. The observed trend  s~ibstantiates the results of previous  investi- 
gations of the effect  of fuel volat i l i ty  on ignition  chazacteristics. 

" 
The ignition of t m o j e t  engines at  adverse ccmdltiona of high 

alt i tude and Low temperature is of major concern to  the  operators of 
turbojet-powered aircraft. The variables that may affect   ignit ion chaq- 
acter is t ics  a t  any given  operating  condition  include conibustor design, 
ignition pUg design, ignition energy, and f u e l  characteristics. The 
extent  to which  conibustor design and ignition  energy may be used t o  
alleviate  ignit ion  difficult ies is limited by the  design  requirements of 
other performance characterbtics,  and by w e i g h t  and plug durability 
considerations,  respectively. An increase in the front-end volzt i l i ty  
characteristics of the fue l ,  which has been found t o  improve ignition 
characteristics, affects, detrimentally, altitude vapor loss and fuel- 
pumping characteristics.  Therefore,  other means of improving ignition 
characteristics of the  turbojet engine are under consideration. Methods 
that may alleviate the problem in current  operating aircraft without 
requiring redesign or  modification of engine asseniblies are of particu- 

* lar interest .  

The data of reference 1 indicate that certain  accelerator-type 
additives may -rove the ignition  characteristics of turbojet-engine 
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fuels. More recently  ethyl  ether has been  suggested as  a fuel  additive 
fo r  a sl-milar purpose. The objective of the  investigation  reported 
herein was t o  evaluate  the  effect of ethyl  ether, added i n  a concentra- 
t ion  of 10 percent t o  a low-volatility  turbojet engine fuel ,  on the 
ignition  characteristics of a ?ingle 533 turbojet conibustor. The addi- 
tion of ethyl  ether reduced the front-end  f ist i l lat ion  teqerature,  
which was found LII reference 2 t o  ingrove ignition;  therefore, a similar 
blend  with the ethyl ether rephced by normal pentane was tested in  
order t o  ascertaln  the sepazate effect  of additive comgosition. Igni- 
tion  characteristics of the two blends and of the  base fuel were eval- 
uated in term of the minimum spark energy requiredto  ignite  the con- 
bustor over a  range of in le t  t o t a l  pressures and a t  two air-flow  rates. 
Conibustor-inlet fue l  and air temgerature was maintained  constant a t  
loo F. 

* 

The reference  fuel used for this  investigation was a 1 pound Reid 
vapor pressure  blend (NACA fuel 50-197) obtained by cutting  volatile 
components from a JP-3 fuel stock.  Phyaical  prqperties of this   fuel  axe 
presented in table I; the A.S.T.M. dist i l la t ion temperature curve i e  
presented i n  figure 1. The two test blends evaluated contained 10 per- 
cent  (by volume) ethyl ether and 10 percent (by volume) normal pentane, 
respectively. Both additives were a t  least 98 percent  pure. The 
A.S.T.M. dist iUat ion curves for these  test  blends are included in 
figure 1. 

Apparatus and Test Procedure 

(0 w 

The ignition  characteristics of the   fue l  ble- were evaluated in 
terms of the minimum spark energy required t o  ignite the- coufbustor over 
a range of cordbustor inlet-air  .pressures asd air-flow  rates. A single 
tube J33 conhuetor ( f ig .  2) ,  connected directly  to  the  laboratory  air 
supply and exhaust systemt waa used. The combustor was equipped with a 
small (10. s gd/hr  80' spray-cone angle)  me1 nozzle Ln order t o  main- 
tain.   f ie1 atomization as nearly  constant 8s possible. A production ty-pc 
F-99 ignition plug yas used i n  conjunction  with a vaziable-energy, 
constant-spark-rate (8 sparks/sec),  capacitance-type  ignition system 
(fig. 3). The spark-ignition system used in  this  investigation was, 
generally, similar t o  that used in  reference 2. Spark energy was sup- 
plied at a voltage vasying from 350 t o  1400 vol t s ,  depending on the 
required energy. A high-voltage "trigger"  circuit  ionized  the  electrode 
gap f o r  passage of  the low-voltage, high-energy  spark. * 

c 
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The minimum spark energy required f o r  ignltion was determined a t  
pressures from atmospheric t o  the minimum a t  which ignition could be 
obtained. The investigation Included two air-flow rates, 1.87 and 3.75 
pounds per second per square foot (based on a conibustor maximum crogs- 
sectional area of 0.267 sq ft), which  were representative of actual 
engine s t a r t i n g  conditions. The in le t -a i r  temgerature w&s held constant 
a t  loo F. The fuel was supslied  to the combustor through a long copper 
co i l  immersed in the inlet-air  ducting (fig. 2);  inlet fue l  and air  
taperatures  w e r e  therefore s h i l a r .  

A t  prescribed confbustor inlet a i r  conditions, the ignition system 
was energized and adjusted  to a desired spark-energy level. Fuel was 
admitted t o  the conibustor by opening a f u e l  th ro t t le  slowly until   igni-  
t ion occurred.  Ignition was considered  satisfactory if the flame filled 
the conibustor and  cmibustion  continued af ter   the  spark was &-energized. 
By  successively  increasing or decreasing the selected value of spark 
energy, a m i n f . m u m  energy that would give  repeated  satisfactory  ignition 
was determined. 

A more complete descripti-on of the apparatus and procedure used Fn 
this investigation mag be found in reference 2. 

The minimum-ignition-energy requirements of the reference f u e l  and 
of the two reference f u e l  blends are presented fn figure 4 as functions 
of combustor-inlet t o t a l  pressure. D a t a  are presented for the two air- 
flaw rates representative of actual  al t i tude  start ing conditions f o r  
turbojet engines. It is  noted that as combustor-inlet  pressure is 
reduced, o r  as the weight flow of air is increased, the required spark 
energy is  increased. The data indicate that further increases in spark 
energy above about 3 joules per spark w i l l  liot affect  appreciably  the 
law-pressure ignition l h i t s  of' this combustor. 

The ignition-energy  requirements for the reference f u e l  blends 
containing either ethyl ether or normal pentane were identical, indicat- 
ing no effect of the a d d i t i v e  composition. The addition of either  the 
paraffin o r  the ether did, howevez?, reduce the ignition energy require- 
mats of the reference fue l .  Data of reference 2 indicate that minfmum 
spark ignition energy is related t o  the A.S.T.M. 15-percent-evaporation 
temperature. It is noted in figure 1 that the two test blends had 
approximately equal 15-percent A.S.T.M. evaporation  teqeratures, which 
w e r e  below that of the  reference fuel. T h e  indicgtions from reference 2 
that R e i d  vapor pressures of fuels do not  reflect  their ignition chas- 
acter is t ics  is a l s o  substantiated by the data presented  herein,  since 
the two t e s t  blends having identical  ignition  characteristics had sig- 
nificantly  different R e i d .  vapor pressures, as noted in figure 1. 
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Figure 5 presents  the  relation between spark energy and the 
A S S  .T.M. 15-percent-evaporatfon  temperature developed in  reference 2. 
The data of reference 2 m e  shown in  figure 5 in addition  to  the  data c 

obtained i n  the present  investigation. The curves  represent  different 
levels of severity of operating  conditions,  obtained from a correlation 
between spark energy and $0, where V i s  the con&ustor reference 
velocity, feet per second (based on combustor-inlet air density and 
cardbustor mximu cross-sectional  area) and P is the combustor-inlet 
t o t a l  pressure,  inches of mercury absolute. It is noted that the slopes 
of the curves representing  the  preeent &ta agree with those from ref- iz 
erence 2. The reduction in the 15-percent A.S.T.M. evaporation temper- to 
ature resulting from the  addltion of 10 percent  ethyl  ether, or 10 percent . 

normal pentane,  decreased  the  ignition energy required  by  approximately 
50 percent at  the most severe  aperating  conditions (I!@ X= 21).  When 
the data obtained in the  present  investigation  are compared with similar 
data from reference 2, it is observed tha t  significantly lower ignition 
energies were required in  the  present  investigation. The decrease in 
required  energy is attributed t o  the  elimination of a  1/16-inch  annular 
opening between the spark plug and the c d u s t o r  liner. Reduced a i r  
velocities in the  vicinity of the spark gap favored  ignition. This 
resul t   i l lust ra tes   the  fact  that minor design  features can have important 
effects on ignition  characteristics i n  a turbojet conibustor. 

b 

CONCLUDING REMARKS 

An investigation was conducted t o  evaluate the effectiveness of 
ethyl  ether as an ignition aid f o r  low-volatility  turbojet-engine fuels. 
!The limited data obtained i n  one conibustor indicated that the addition - 
of 10 percent  (by volume)  of ethyl  ether t o  a 1-pound Reid vapor pressure 
fue l  decreased  the  ignition-energy  requirements of the  conhutor  sig- 
nificantly. However, sFmilar results were obtained with the  addition of 
normal pentane in  the same concentration;  thus,  the  beneficial  effect of 
ethyl  ether on ignition m u s t  be attributed t o  i t s  htgh volati l i ty  rather 
than t o  i ts  cormgosition. The results obtained  substantiate  previoue 
data relating spark ignition energy  requirements to  the A.S.T.M. 15 
percent-evaporation  temperature. 

I 

Lewis Flight  Propulsion  Iaboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, August 28, 1953 
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TABLE I. - PHYSICAL PROPERTIES OF LOW-VOLATILITY REFERENCE FUEL 

NACA RM E53102 

F'uel properties 

A.S.T.M. d l s t i l l a t ion  
D86-46, OF 
Init ial   bofling  point 
Percentage  evaporated 

5 
10 
20 
30 
40 
50 
60 
70 
80 
90 

Final boiling point 

Specific  gravity 
Viscosity,  centistokes 

Reid  vapor pressure, 

clromatics, percent by 

at 1000 F 

Ib/sq in. 

volumea 

NACA 50-197 

201 

242 
27 1 
297 
315 
333 
349 
36 3 
381 
404 
443 
510 

0.781 
1.05 

1.0 

10.7 

Q 
prl 

aDetermined by s i l i ca   ge l  method. 
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P e n  ent evaporated 

Figure 1. - Variation of diBti l la t ion temperature  with  percentage 
evaporated for three fue l  blends. 
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A Special high- 
voltage low- 
energy pulse 
transformer 

I T i 
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Combustor-inlet to ta l  prwaure, in.  Eg a b  

Figure 4 .  - EfYect of oombuator-inlet total p r e a m  on minimum e p k  energy required for 
ignition of three fuel b l e w .  Combuatar-iulet air abl fuel temperature, 100 P; 
533 ocrmbuetor. 
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